Abstract. The wake flow field of the return cabin has an effect on the process of parachute deployment. In this paper CFD method is used to analyze the tail flow field and the flow field data are brought into the dynamic analysis by plane division and interpolation. The influence of the tail flow field on the deployment process is analyzed in the case of Mars and Earth. The result shows that the greater the separation speed or the angle of attack, the smaller the influence of tail flow field and it should be considered under low angle of attack in Mars environment. The influence is small enough that can be ignored in Earth environment.
Introduction
Parachute deployment is the first and important action of the parachute, including the pop-up of the cover, the drawing and inflation of the guiding umbrella, the pulling out of the parachute and other stages, involving the fluid mechanics and so on. The deployment process will directly affect the success or failure of the landing work.
As early as the 70s of last century Wolf [1] , Moog [2] et al. adopted the continuous straightening model and the simplified spring damping model to analyze the parachute straightening process, which can predict the straightening process to a certain extent. By the 1980s, Purvis [3] [4] [5] created a more complex linear straightening model that discrete the parachute into mass nodes interconnected by damped springs and consider the effects of aerodynamics, tension, gravity, and friction. Purvis used this model to analyze the process of parachute deployment and predict line sail. In 2006, Mariscal-Sánchez [6] et al. simulated the process of parachute deployment during paratroopers' take-off based on the spring-mass damping model, taking into account the impact of aircraft wake flow on the process. In China, Xumin Song, Wenke Cheng, Qingbin Zhang, Haitao Wang [7] [8] [9] [10] [11] [12] [13] [14] [15] et al. used spring-mass damping model and multi-rigid body model to study on line sail and force in the process of parachute deployment.
In the process, flow field of the return cabin will affect the deployment process, and changes of the parachute position and shape will also affect the flow field, which is a complex fluid-structure coupling problem. The changes have little effect on the flow field, and it can be neglected. But the flow field must be taken into account when the return cabin is fast, even at supersonic velocities, such as deployment parachutes in Mars environment. However, most of the researches on parachute deployment do not consider the effect of wake flow on deployment process.
In this paper, based on the spring mass damping model, the influence of the wake field during the process of parachute deployment is analyzed by means of patch interpolation under the supersonic conditions in Mars environment and the subsonic conditions in Earth environment. It provides some theoretical support for the research of parachutes.
Modeling the Process of Parachute Deployment
Parachute system mainly include the return cabin, parachute cover, parachute bag and deceleration parachute (some contain guiding parachutes) and the associated connection. Rigid body models are used to simulate the return cabin, parachute cover and bag which are mainly subjected to gravity, tension and aerodynamic force. The Parachute belts, ropes, canopies and connecting belts of the deceleration parachute and guiding parachutes are separated into N-segment spring damping, and rope quality concentrated at both ends, that is, at the nodes. The modeling theory and related formulas involved are relatively mature, and can be found in reference [10] . 
Aerodynamic Calculation and Wake Flow Analysis
Aerodynamic calculation is an integral part of analysis the deployment process. Aerodynamic formula is as follows
(1) Where  is the air density, S is the aerodynamic area, D C is the aerodynamic coefficient, aero V is the incoming velocity. In the process of parachute deployment, wake field is time-variant with the drop of the return cabin. But the whole process is usually not more than 2s, and the movement status of the return cabin have little change in a short period of time. Therefore, the wake-flow field time-varying is not considered, and one moment of the wake flow field is chosen to study on the deployment process in this paper.
Firstly, the time-varying velocity field and pressure field of the wake field are obtained by CFD analysis. Then the steady flow field is selected, and a limited number of parallel planes are chosen to cut the flow field. The flow field data anywhere can be calculated by three-dimensional interpolation. Finally, the data is taken into the analysis of deployment process, as in [6] . Figure 2 shows the speed field splitting of the wake flow of the return cabin in double-guided parachute system. 
Impact Analysis of Wake Field
The process of parachute deployment is analyzed under high Mach number in Mars environment. Figure 3 shows the structure of the Mars parachute. The initial conditions of the parachute deployment system are as follows: the height of the return cabin is 8km, the velocity is 2Mach (the local sound velocity is about 232m/s), the ballistic inclination is 30°, the angles of attack are taken 0°, 10°, 20° and 30°. 25m/s, 35m/s, 45m/s and 55m/s are chosen as initial separation speeds between the parachute cover and the return cabin. Taking the angle of attack 20° and the initial separation speed of 35m/s as an example, the deployment process is analyzed. Figure 4 shows the velocity distribution of the wake field under the conditions. The parachute cover and bag are ejected in the direction of the axis of the return cabin and the velocity field in this direction is not affected by the wake flow. Figure 5 shows the relative positions and shapes of the parachute system in the deployment process, and the entire process continues 1.240s. Figure 6 shows the impact of the wake field on deployment time. It is found that the effect of wake flow field decreases rapidly with the increase of the angle of attack. This is because the area of the wake field is limited which has greater effect, and the smaller the angle of attack, the bigger the proportion of the parachute in this area during deployment process. At 0ºangle of attack, the effect of the wake field reaches its maximum, exceeding 10%, because the entire process is in the area. But when the angle of attack reaches 20º,the effect is kept within 1%. At the same time, if the angle of attack is same, the impact on deployment time decreases with the increase of the initial separation speed. And it is kept within 2%, when the speed reaches 55m/s. Figure 6 . Effect of wake field on deployment time Figure 7 shows the impact of the wake field on sling tension. It can be seen that the peak value is less affected by the wake flow field, and the influence is within 1%. The analysis of the process of parachute deployment under the subsonic conditions in Earth environment is as follow. Figure 8 shows the structure of the Earth parachute. The initial deployment conditions of the system are as follows: height of the return cabin is 11km, velocity is 235m/s, ballistic inclination is 56º, angle of attack is -20º, initial separation speeds between the parachute cover and the return cabin are taken 12m/s, 15m/s, 18m/s, 22m/s and 25m/s. Taking the angle of attack 20ºand the initial separation speed of 22 m/s as an example, the deployment process is analyzed. Figure 9 shows the velocity distribution of the wake field under the conditions in which the parachute cover is ejected from the slant side of the return cabin and the decelerating parachute system is pulled out. Figure 10 shows the relative positions and shapes of the Earth parachute system in the deployment process. It is found that the decelerating parachute is deployed rapidly after the big guided parachute is inflated which makes the decelerating parachute deployment in the greater impact area, and the entire process continues 0.792s. Figure 11 shows the impact of the wake field on deployment time. The effects of wake flow field decrease with the increase of the initial separation speed, but the influence is less than 2.5%. Figure 11 . Effect of wake field on deployment time. Figure 12 shows the impact of the wake field on sling tension. As can be seen from the figure, the wake field has less influence, both within 1.5%. Compared to the supersonic situation in Mars environment, the area which has greater impact is smaller, and the influence is also less. 
Conclusion
In this paper, the process of the parachute deployment in the Earth and Mars environment is analyzed, and the effect of the wake flow of the return cabin on the process is studied. It is concluded that the greater the speed of separation or the angle of attack, the smaller the influence of tail flow field and it should be considered under low angle of attack in Mars environment. The influence is small enough that can be ignored in Earth environment. This conclusion provides some theoretical support for the parachute design.
